We show that the factorization assumption in color-suppressed B meson decays is not ruled out by experimental data on B → K(K * ) + J/Ψ(Ψ ′ ). The problem previously pointed out might be due to an inadequate choice of hadronic form factors.
I Introduction
In a recent paper [1] , Kamal and two of us (M.G. and X.Y.P.) have shown, within the factorization approach, the failure of commonly used B → K(K * ) form factors in explaining recent data on B → J/Ψ + K(K * ) decays. The main problem is a simultaneous fit of the large longitudinal polarization ρ L in B → J/Ψ + K * decay and of the relatively small ratio R J/Ψ of the J/Ψ + K * rate compared to the J/Ψ + K one. We concluded that the difficulty in understanding experimental data might be due to a failure of the factorization method or to a wrong choice of the hadronic form factors or both.
Such an analysis has been independently performed by Aleksan, Le Yaouanc, Oliver, Pène and Raynal [2] who also found difficulties in fitting both ρ L and R J/Ψ , in spite of their large choice of heavy to light hadronic form factors.
In the previous work [1] , in addition to our exploration of the usual B → K(K * ) form factors available in the literature, we also related the B → K(K * ) to the D → K(K * ) form factors using the SU(2) heavy flavor symmetry between the b and c quarks as first proposed by Isgur and Wise [3] . The input data are the hadronic form factors in the D sector normalized at q 2 = 0 as extracted from semi-leptonic D → K(K * ) + ℓ + + ν ℓ decay. In such experiments, the q 2 distributions are not measured, and the analysis of experimental data has been made assuming monopole q 2 dependence for all the D → K(K * ) form factors. For that reason in [1] , we have also used monopole forms in the B sector. The resulting B → K(K * ) form factors obtained in this way were also unable to explain simultaneously ρ L and R J/Ψ .
Our method, based on the Isgur-Wise relations, has been subsequently adopted by Cheng and Tseng [4] who considered various types of q 2 dependence for the hadronic form factors.
However their model still encounters difficulties in reproducing correctly experimental data.
The purpose of this paper is to make a purely phenomenological investigation of the possible q 2 dependence -we shall call scenario -of the hadronic form factors in the B sector such that, assuming factorization and using the Isgur-Wise relations [3] together with the latest data at q 2 = 0 in the D sector [5] , we are able to obtain a good fit for both ρ L and R J/Ψ .
Some preliminary remarks are in order. We are aware of the fact that the values at q 2 = 0 of the D → K(K * ) form factor have been extracted from semi-leptonic decay experiments assuming a monopole q 2 dependence for all hadronic form factors. This ansatz is certainly inconsistent will theoretical expectations coming, for instance, from QCD sum rules [6] , from lattice gauge calculations [7] as well as from asymptotic scaling law of heavy flavours [2, 3, 4] .
A correct procedure would be to reanalyze the triple angular distribution fit [5] in the D semileptonic decay, with different scenarios, in order to evaluate the sensitivity to the scenarios of the values at q 2 = 0 of the form factors. Such a study has not yet been done by experimentalists.
Of course the cleanest information would come from a measurement of the q 2 distributions for the rates and for the various polarizations in the semi-leptonic D sector. We are still far from such an ideal situation and for the time being, the only pragmatic way is to use the results quoted in [5] with errors included for the values at q 2 = 0 of the form factors.
We propose, in this paper, four types of scenarios for each of the B → K(K * ) hadronic form factors F 1 , A 1 , A 2 and V in the Bauer, Stech and Wirbel (BSW henceforth) notation [8] .
The q 2 dependences are taken as (1 − q 2 /Λ 2 ) −n applied indiscriminately to all of these form factors.
The algebraic integer n symbolically represents n F , n 1 , n 2 and n V associated respectively to F 1 , A 1 , A 2 and V . These integers n can take four values corresponding to four types of scenarios mentioned above : −1 for a linear dependence, 0 for a constant, +1 for a monopole and +2 for a dipole.
The pole masses Λ F , Λ 1 , Λ 2 and Λ V for F 1 , A 1 , A 2 and V respectively are treated as phenomenological parameters. Being related, in some way, to bound states of the bs system, we impose to these parameters the physical constraint to be in the range (5 − 6) GeV . Such a requirement is satisfied by the pole masses of the BSW model [8] .
We now summarize the results of our finding :
The experimental data on ρ L and R J/Ψ indeed can been fitted for three seenarios corresponding to three possibilities n 2 = 2, 1, 0 for A ii) n V = +2 for a dipole increasing with q 2 of V BK * iii) n F = +1 for a monopole increasing with q 2 of F BK 1
For a given selected scenario we have a non empty allowed domain in the Λ F , Λ 1 , Λ 2 , Λ V parameter space. Therefore we obtain hadronic form factors for B → K(K * ) reproducing correctly (within experimental errors) ρ L and R J/Ψ with the parameters Λ F , Λ 1 , Λ 2 , Λ V physically acceptable. We now easily understand why previous attempts [1, 2, 4] were unsuccessful, mainly because the decrease with q 2 of the form factor A 1 (q 2 ) has never been seriously considered. Let us emphasize however that such an unusual q 2 behaviour has already been obtained by Narison [6] in the QCD sum rule approach. Of course our result is not a proof of factorization in the B sector. It only makes wrong the statement that the failure in explaining simultaneously ρ L and R J/Ψ necessarily implies that factorization breaks down in this sector.
This paper is organized as follows. In section II we give the consequences of factorization for the decay amplitudes B → K(K * ) + (η c , J/Ψ, Ψ ′ ) which are color-suppressed processes. We study the kinematics and we review the available experimental data for these decay modes.
In section III we discuss in some detail the Isgur-Wise relations [3] and, in particular,the consistency of scenarios in the B and D sectors as well as the relations between the parameters Λ j (j = F, 1, 2, V ) in both sectors. The case of the form factors F 0 and A 0 , associated to the spin zero part of the currents, is equally discussed.
Section IV is devoted to the decay modes Section V is the central part of this paper being related to the decay modes B → K(K * ) + J/Ψ. The study of ρ L and R J/Ψ allows us to select only three surviving scenarios among the 4 3 = 64 possible cases and to constraint the Λ F , Λ 1 , Λ 2 , Λ V parameter space.
The comparison between J/Ψ and Ψ ′ in the final states is studied in section VI and the results, in the framework of our model, are shown to be compatible with experiment. Comparison with the work of Ref. [9] is made in some details.
For the decay modes B → K(K * ) + η c where no experimental data are available, we give in section VII, some predictions for the ratios of rates.
Finally, in section VIII, we come back to the D sector in the light of results obtained in the B sector. Of course in the B and D sectors, the hadronic form factors F 1 , A 1 , A 2 , V follow the same scenarios -same values of n F , n 1 , n 2 , n V and the poles masses are related via Eqs. (43) and (50) of section III. We determine the normalized q 2 distributions for semi-leptonic decays A discussion of the results is given in the conclusion. A more detailed study of all these topics can be found in our recent internal report [10] .
II. Factorization and Kinematics, Experimental Data.
1
o ) The two-body decays of the charged and neutral B mesons discussed in this paper are described, at the tree level, by the color-suppressed diagram. Penguin diagrams also contribute to these decays at the one loop level. However the colorless charmonium states cc have to be excited from the vacuum and for which two or three gluons are needed. For that reason the penguins are neglected in this paper.
We consider the decay modes
and we compute the decay amplitudes assuming factorization. We obtain an expression of the form :
The first term in the right-hand side of Eq.(2) involves the decay constants f ηc , f J/Ψ and f Ψ ′ for η c , J/Ψ and Ψ ′ respectively. The second term is governed by the hadronic form factors for the B → K or B → K * transitions. As a consequence, the branching ratios have the following structure :
The common scale BR 0 contains the Fermi coupling constant G F , the Cabibbo-KobayashiMaskawa factors V cb V * cs , the B meson life time τ B , and the phenomenological BSW constant a 2 for color-suppressed processes :
Being interested only in ratios of decay widths, we shall not compute the BR 0 numerically.
The quantity P S is a dimensionless phase space factor depending only on masses of the involved particles. Because of the small The last factor F F depends on the hadronic form factors and it contains the dynamics of the weak decays.
The results are :
The analytic expressions for a, b, c are previously given in Ref. [1] and a ′ , b ′ , c ′ are obtained respectively from a, b, c by the simple substitution m Ψ ′ to m J/Ψ . We get numerically :
The ratios of form factors x, y, x ′ , y ′ are defined by :
For each of the K * + J/Ψ and K * + Ψ ′ modes, we have three possible polarization states, one is longitudinal (LL) and two are transverse ( −−, ++ ) for both final particles. We now define two interesting quantities : First, the fractional longitudinal polarization :
and second, the left-right asymmetry :
We get :
We also introduce four ratios of rates, only three of these ratios are independent :
Defining two more ratios of form factors :
We obtain :
For S and S * , we get :
Modes
(1.4 ± 0.9) · 10
(1.58 ± 0.28) · 10 −3 Table 1 .
The experimental data for decay rates as averaged by PDG [5] are given in Table 1 . We have no experimental information on the Kη c and K * η c modes.
The ratios R Ψ ′ and R J/Ψ , S and S * can be estimated from data of Table 1 and the results are shown in Table 2 . Table 2 .
A direct measurement of R J/Ψ with both B + and B o by CLEO II [11] is consistent with our estimate given in the last column of Table 2 ,
In what follows we shall use the constraint R J/Ψ ≤ 2.2. CDF [12] ρ L = 0.66 ± 0.10
Averaging these results with the standard weighted least-squares procedure, we obtain ‡ :
In what follows we shall use the one standard deviation lower limit ρ L ≥ 0.7 .
We remark that model-independent upper bounds for ρ L and ρ ′ L can be derived [1] :
These results are actually the most rigorous consequences of factorization, their violations imply unquestionably the failure of factorization hypothesis whatever are the form factors. For this reason, it will be very interesting if the errors in the new Argus data [13] would be significantly reduced.
5
o ) The input data in the D sector are coming from analyses of the semi-leptonic decays
We shall use the average values for
(0) as given by the Particle Data Group [5] . These results are shown in Table 3 .
0.75 ± 0.03 0.56 ± 0.04 0.73 ± 0.15 1.89 ± 0.25 Table 3 .
The quantities F DK 1 (0) and A DK * 1 (0) are determined [5] from semi-leptonic integrated rates.
The ratios x D (0) and y D (0) are extracted [5] by fitting the angular distributions in D → Table 3 .
Let us remind that the four values in Table 3 are obtained [5] by assuming monopole q 2 behaviour of all form factors, with pole masses in the (2.1 − 2.5) GeV region.
III. The ISGUR-WISE relations due to SU(2) flavor symmetry ‡ A. N. Kamal, private communication 
In practice, we shall use the experimental data in the D sector at zero momentum transfer 
The knowledge of the hadronic form factors at q 2 = 0 in the D sector will determine the hadronic form factor values in the B sector at
The values of t 
where
In the BSW basis [8] , the spin one and the spin zero parts of the weak current are separated and two new form factors F 1 and F 0 are defined :
where P = B or D.
The Isgur-Wise relations [3] are written § with f + and f − :
The spin one form factor F BK 1
is then related to both f
It is convenient to write its expression in the form :
where the ratios of two form factors f − and f + are defined by
The spin zero form factor F BK 0
can then be written in the form :
The two ratios µ B (q 2 ) and µ D (q 2 ) are related by SU(2) flavor symmetry and from Eq.(36), we get We now make an assumption which is natural and also suggested [14] in the framework of the SU(2) heavy flavor symmetry. If f
have the same type of q 2 dependence, no matter how it is, then the ratio µ D is independent of q 2 and, using the Isgur-Wise relations (36), we easily see that the same property extends to the B sector. In particular, the ratio µ 
is written in the form
where n F is some algebraic integer, then, using Eq.(37) we obtain a similar expression for
with the same n F .
Furthermore as explained in [1, 10] , a relation between the pole masses Λ DF and Λ F in the D and B sectors can be obtained and already given in Ref. [1] , the result is :
Of course, the values at q 2 = 0 of the form factors F .
For the particular value of µ B :
the form factor F BK 0 (q 2 ) becomes independent of q 2 . Such a situation has been suggested by some analyses [4, 14] and in this paper µ B will be related to Λ 
As a consequence, the ratio y B defined in Eq. (13) at q 2 = t * o B is directly given by y D (0), the QCD factor cancels out in this ratio :
The dependence with respect to q 2 of A 1 and V in the B and D sectors is preserved by the Isgur-Wise relations (46) and (47). We choose the forms
and analogous expressions in the D sectors with pole masses Λ D1 and Λ DV related to Λ 1 and Λ V by a formula similar to Eq.(43) :
where Λ B = Λ 1 or Λ V and Λ D = Λ D1 or Λ DV . The algebraic integers n 1 and n V will be restricted to the values −1, 0, 1 and 2.
6 o ) For the two other form factors, A 2 and A 0 or a + and a − , the Isgur-Wise relations are similar to the one previously discussed for the B → K and D → K form factors, and we have :
The form factor A , and we obtain, neglecting the QCD correction factor :
where the ratios of the form factors a − and a + are defined by
Of course, the ratios λ B (q 2 ) and λ D (q 2 ) are related by SU(2) flavor symmetry and from Eqs. (51) and (53), we get an equation similar to Eq.(40)
Finally, the spin zero axial form factor A BK * 0 (q 2 ) can be written with the help of λ B (q 2 ) : (q 2 ) a q 2 behaviour of the form :
and an analogous expression for A 
this linear factor cancels one power in n 2 of A at t * o B , we need to perform an extrapolation and as already discussed in subsections 3 and 4, we use a monopole form with the pole mass Λ F for
The result is
and from Eqs. (37) and (46), we finally obtain :
IV. The decay modes
In the previous section we have computed the ratios of form factors in the B sector, shows that the dominant transverse amplitude has the helicity λ = −1, and in the one standard deviation limit, we predict A ′ LR > 0.98. As a second consequence of the knowledge of y ′ , we can derive an upper bound for the
Using the lower one standard deviation for y ′ , we obtain 
and using the PDG value [5] , x D (0) = 0.73 ± 0.15, we get
The fractional polarization ρ Table 3 .
Eq.(68) is our prediction for ρ ′ L , and let us remark that this quantity is easy to measure.
Estimates of ρ ′ L have been previously obtained by Kamal and Santra [9] . However their method is different from ours. They consider seven scenarios relating J/Ψ to Ψ ′ modes and the allowed domains in the x ′ , y ′ plane for each scenario are determined by the experimental constraint on ρ L . The upper bound for ρ ′ L found in [9] is the theoretical upper bound of Eq.(25) and the lower bound is slightly scenario-dependent and it varies from 0.48 to 0.55 which is larger than our predictions in Eq.(68).
3
o ) The ratio R Ψ ′ defined in Eq.(19) can be computed using
. From the Isgur-Wise relation (60), we obtain
and using the PDG value [5] , z D (0) = 1.34 ± 0.11, we have
The ratio R Ψ ′ depends on both parameters Λ 2 (via x ′ ) and Λ F (via z ′ ). Restricting both pole masses Λ 2 and Λ F in a range (5 -6) GeV , we find two extreme values for R Ψ
The experimental estimate in Table 2 
and we obtain
In our model n F = 1, and for the three other powers n 1 , n 2 , n V , each one can take four algebraic integers −1, 0, 1, 2. On physical grounds, we impose to the pole masses Λ 1 , Λ 2 , Λ V , Λ F to be inside the (5 -6) GeV range where the bs bound states masses are expected to be. ii) solutions exist only when n 1 = −1, i.e. when the hadronic form factor A
exhibits a linear decrease with q 2 . Of course, in this case, Λ 1 is no more a pole mass but only a slope coefficient and it is reasonable now to relax the constraint Λ 1 ≤ 6 GeV and to use only Λ 1 ≥ 5 GeV in order to exclude a too fast variation with q 2 of A
iii) The solutions obtained correspond to only four triplets [n 1 , n 2 , n V ] :
and in the four cases, the maximal value of ρ L occurs at Λ 1 = 5 GeV , Λ 2 = 6 GeV , Λ V = 5 GeV and in the most favorable situation of two dipole q 2 dependence for A 2 and V , we obtain ρ L = 0.7162 ± 0.0236. Therefore ρ L = 0.74 is the maximal value within one standard deviation we can produce in our approach, considering only the quantity ρ L . On the one hand, the constraint ρ L + △ρ L ≥ 0.7 has selected four scenarios previously discussed and at fixed Λ 2 , Λ V the allowed domain for Λ 1 is defined by an upper limit for Λ 1 :
On the other hand, the constraint R J/Ψ − △R J/Ψ ≤ 2.2 implies a lower limit for Λ 1 :
Acceptable values of Λ 1 exist when and only when the lower limit (77) is smaller than the upper limit (76).
The quantity Λ 1, M IN ( at fixed Λ 2 , Λ V ) is an increasing function of Λ F and using the constraint Λ F ≥ 5 GeV , the physical domain for Λ 1 , at fixed Λ 2 , Λ V , is defined by
We find out that for the scenario [n 1 , n 2 , n V ] = [−1, 2, 1], the inequality (78) has no solution. At fixed Λ 2 , Λ V , we also have
The quantity Λ A first observation coming from Table 4 is to realize how difficult it is to fit simultaneously the large experimental value of ρ L and the relatively small experimental value of R J/Ψ . The opposite trend between ρ L and R J/Ψ making the fit so difficult has been also noticed [2] . The theoretical relative error coming from R J/Ψ is larger than the one coming from ρ L , and this feature is welcome for obtaining a two-fold fit. It is essentially due to the fact that R J/Ψ , in addition to the errors on x D (0) and y D (0) (as for ρ L ), has a third source of uncertainty due to the errors on z D (0). While the theoretical relative error on ρ L is only between 4% and 6%, the one on R J/Ψ is between 18% and 24%.
A second observation, coming from both Figure 1 and Table 4 , is that the scenario with a dipole form factor A 2 , n 2 = 2, is the one with the largest domain in the Λ 1 , Λ 2 , Λ V and Λ F space. Therefore in this scenario it is relatively easy to accommodate both ρ L and R J/Ψ . From Table 4 , the largest possible value of ρ L we can obtain, in the one standard deviation limit, is Table 4 (ii) n 2 = 1 0.837
The left-right asymmetry in the decay mode B → K * + J/Ψ is large in the three selected scenarios, not as large as that of the decay mode B → K * + Ψ ′ where it has been predicted to be close to unity ( Eq. (63) ). We observe that the differences in the predictions of the three scenarios are moderate.
VI. Comparison of J/Ψ and Ψ
The ratios of decay widths S and S * defined in Eq.(20) involve the same strange meson, K or K * , and two different charmonium states Ψ ′ and J/Ψ, hence two different leptonic decay constants f Ψ ′ and f J/Ψ are involved. Using [15] f J/Ψ = (384 ± 14) MeV and f Ψ ′ = (282 ± 14) MeV as estimated from the decays J/Ψ → e + e − and Ψ ′ → e + e − , we obtain :
and the quantities S and S * are written from Eqs. (23) and (24) in the form :
2 o ) In our model the hadronic form factor F BK 1 (q 2 ) has a monopole q 2 dependence with a pole mass Λ F and we simply have :
This ratio of form factor is a decreasing function of Λ 2 F and so is the ratio S. At Λ F = 5 GeV , we obtain :
This prediction is in agreement, within one standard deviation, with the experimental value estimated in Table 2 , S exp = 0.68 ±0.32. Such an agreement continues to occur for larger values of Λ F up to 6.27 GeV .
The range of Λ F depends on the three scenarios corresponding to n 2 = 2, 1, 0 and they are The errors quoted in Eq. (89), (90) and (91) are due to the uncertainty on the leptonic decay constants f Ψ ′ and f J/Ψ . In conclusion, the theoretical predictions of our model for the three scenarios agree, within one standard deviation, with experimental results.
3
o ) The analysis of the second ratio S * is more complex because of a large number of hadronic form factors involved. In our model the form factor A BK 1 (q 2 ) has a decreasing linear q 2 dependence with a pole mass Λ 1 , and we simply have
We have computed the ratio S * for the three scenarios n 2 = 2, 1, 0 using the allowed domains represented respectively on Figures 1, 2 and 3 for Λ 1 , Λ 2 and Λ V .
The results of this scanning are :
(ii) n 2 = 1 :
The errors quoted in Eqs. (93), (94) and (95) are computed in quadrature from those on the
. The theoretical predictions of our model for the three scenarios agree, within one standard deviation, with the experimental results estimated in Table   2 : S * exp = 0.89 ± 0.59. 4 o ) Kamal and Santra [9] have studied the ratios S and S * denoted by them respectively as 1/R and 1/R ′ . In the case of R, both monopole and dipole q 2 dependences for F BK 1 are considered with a pole mass Λ F = 5.43 GeV . Their conclusion is that a dipole behaviour for
is needed in order to obtain for R agreement between theory and experiment in the one standard deviation limit.
The apparent contradiction between our result ( monopole for F BK 1
) and the one of Ref. [9] is essentially due to the large experimental error of 47% for the quantity S or R. With δ = 0.47 the relation at first order in δ, (1 ± δ) −1 = 1 ∓ δ is not valid and one standard deviation limit for S and one standard deviation limit for R are different concepts. However, since the main part of the experimental error is due to the K + Ψ ′ mode and for that reason the consideration of one standard deviation for S ( where K + Ψ ′ enters in the numerator ) seems to be more relevant than for R.
A similar situation occurs for S * and R ′ . Here the experimental error is even larger, 66.7%, and it is mainly due to the K + Ψ ′ mode which enters in the numerator of S * . Again the one standard deviation limit for S * and the one standard deviation limit for R ′ are different quantities.
Also the pole masses in Ref. [9] are taken only at some fixed values, while in our approach these poles sweep inside the (5 − 6) GeV range.
Furthermore, considering only the one standard deviation limit for R ′ , they exclude four scenarios where A BK * 1 is either constant or linearly decreasing with q 2 and conclude that if factorization assumption were to hold, then the only scenarios that are consistent with experiment are those in which A BK * 1 rises with q 2 .We observe however that R ′ (or S * ) is not an independent ratio but related to the other ratios by S * R J/Ψ = SR Ψ ′ , such that considering R ′ (or S * ) alone might be inadequate.
VII. The decay modes
The decay modes B → K + η c and B → K * + η c have not been experimentally observed.
However their rates can be easily computed and the relevant expressions have been given in Eqs. (5) 
Numerically we obtain
We notice that the coefficient of µ D is very small in the bracket of Eq.(97) and as a consequence, 
In order to obtain A o ) To bypass the unknown decay constant f ηc , we consider the ratio of rates R ηc defined by
This quantity is given from Eq. (5) and (8) by : For the other scenarios n 2 = 1 and n 2 = 0, the bounds on R ηc are contained inside the inequality Eq.(101). It turns out that the ratio R ηc being only weakly scenario dependent, hence the bounds Eq.(101) remain valid for all cases.
5
o ) The comparison of the K(K * ) + η c and K(K * ) + J/Ψ decay modes depends on the ratio of the decay constants f ηc and f J/Ψ . Unfortunately f ηc is not experimentally known and we use theoretical estimates if we want to make predictions. Using quark model considerations [17] we
Consider first the ratio T defined by :
Using Eqs. (5) and (6), we obtain
In our model F BK 0 is constant and F BK 1 has a monopole q 2 dependence with the pole mass Λ F .
As a consequence we simply have
Using the estimate Eq. (102), we obtain the following bounds of T for the scenario n 2 = 2
For the scenarios n 2 = 1 and n 2 = 0, the bounds of T satisfy the double inequality Eq.(106).
Conversely a measurement of the ratio T may provide an opportunity to extract, from experiment, the scalar decay constant f ηc .
Finally we introduce a third ratio T * defined by
Using Eqs. (8) and (9), we get
The ratio T * depends on the three parameters Λ 1 , Λ 2 and Λ V . Varying these quantities inside the allowed domains discussed in section V, we can obtain bounds for T * . The result is moderately scenario-dependent and using the estimate Eq. (102), we obtain
o ) The ratios R ηc , T and T * have been discussed by us in a recent paper [18] in order to propose a test of factorization. However in our previous calculations [18] , the ranges of values for the scenario dependent factors (denoted there as S V and S A ) have been underestimated and our previous predictions [18] for the ratios R ηc , T and T * are different from those obtained here.
For details see Ref. [10] .
VIII. D → K(K * ) hadronic form factors and semi-leptonic decays These new features of q 2 dependences in the B sector obtained so far, can now be used backwards for analysing the semi-leptonic decays
Using the dimensionless variable t = q 2 /m 2 D , we introduce the normalized q 2 distribution X(t)
X(t) is independent, in particular, on the Cabibbo-Kobayashi-Maskawa parameters and on the 
where Λ DF is the pole mass in the D sector related to Λ F in the B sector by equation (43), we obtain for X(t) the expression
where we have used, for F
defined by the normalization condition X(t) :
I(α F ) can be computed analytically [10] or numerically.
The distribution X(t) for the semi-leptonic decay D → K +ℓ + +ν ℓ is represented in Figure 7 for values of α F corresponding to the bounds on Λ F obtained in section V for the three scenarios As previously we define dimensionless parameters and in particular
where the Λ Dj are the pole masses in the D sector related to Λ j in the B sector by Eq.(50).
The formalism is similar to the previous case, although more complicated because of the K * polarization. For details see Ref. [10] .
We have computed X(t) for the three scenarios The results are shown on Figures 8, 9 and 10 for the three scenarios n 2 = 2, 1, 0 respectively. As in the previous case the largest sensitivity of X(t) to the parameters α j is in the neighbourhood of t = 0.
In a similar way, we can study the q 2 distribution for the polarization parameters ρ sl L (t) and A sl LR (t). We only give here the corresponding integrated ones and the results for the three scenarios n 2 = 2, 1, 0 are the following : (f). The explicit form of the q 2 dependence of the hadronic form factors
−n with n = −1, 0, 1, 2.
(g). The pole masses Λ of the various form factors in the B sector are limited to the (5 − 6) GeV range in order to relate them in a likely way to bs bound state masses.
(h). The ratios of form factors µ B (q 2 ) and λ B (q 2 ) defined in Eqs.(38) and (53) are assumed to be independent of q 2 and related in a natural way to the pole masses Λ F and Λ 2 by Eqs. (45) and (57). Table 3 has been obtained from experiments, assuming a monopole q 2 dependence for all the form factors. We know however that such a scenario [n 1 , n 2 , n V ] = [1, 1, 1] is in contradiction with experiment in the B sector.
As other authors [4] , we have used the values of Table 3 . However some theoretical uncertainty on these ratios has to be added to errors given in Table 3 but it is not an easy task to estimate such an uncertainty. We refer to our report [10] for some comments on the determination of and V DK * ).
The knowledge of the q 2 dependence of the hadronic form factors in the D sector, even with unavoidable errors will help in making the selection of scenarios in the D sector and, by SU (2) heavy flavor symmetry, in the B sector.
To our knowledge, such an experimental information is not available. It would be of considerable help for clarifying the theoretical constraints (f) and (g). (vi). S and T are independent of these three ratios.
For the semi-leptonic normalized distribution X(t), it is independent on these ratios in the D → K + ℓ + + ν ℓ case and it depends on x D (0) and y D (0) in the D → K * + ℓ + + ν ℓ mode. However if we are in the best situation previously mentioned, it will be necessary to provide a theoretical support to the so determined hadronic form factors and for that, results of Ref. [6] seem to be in a good shape because of the unusual q 2 behaviour prediction for A 1 (q 2 ).
If we are in the worse situation, it will be reasonable to think seriously of the role played by non-factorizable contributions.
Figure captions 4. Figure 4 : The allowed domain in the Λ F , Λ 2 , Λ V space due to the constraint
The scenario is [n 1 , n 2 , n V ] = [−1, 2, 2].
5. Experimental data for the ratios R Ψ ′ , R J/Ψ , S and S * .
